Chemical investigation of leaves of Staphylea bumalda DC., collected in the suburbs of Hiroshima City, afforded 11 new megastigmane glucosides, named staphylionosides A-K (3-13), along with two known megastigmane glucosides (1, 2). The relative structures were elucidated from spectroscopic evidence, and the absolute structures of the aglycones were determined by means of the combination of b b-D-glucosylation-induced shifttrends and the modified Mosher's method.
Megastimgane and its glycosides are a currently expanding class of compounds. The Staphyleaceae comprise seven genera and about 50 species throughout the world, almost all of which are found in temperate zone of the Northern Hemisphere. In Japan, three species from different genera of the Staphylaceae grow in moderate and subtropical areas. 1) In previous studies, the chemical constituents of Euscaphis japonica (THUNB.) KANITZ 2) and Turpinia ternata NAKAI 3) were investigated. The third species growing in Japan is Staphylea bumalda DC. S. bumalda can be found throughout eastern Asia, especially in China, Japan and Korea. It is a deciduous tree growing to about three to five meters high, and blooms in May to June. A decoction of its fruit is used as a cough remedy and its fresh roots are used for blood refreshment after delivery. 4) The dried fruit is also used as a folk anti-diarrheal medicine as. So far, only one chromone glucoside, staphylin, has been reported as a constitutent of S. bumalda. 5) In this study, S. bumalda collected in the suburbs of Hiroshima City was phytochemically investigated, 11 new and two known megastigmane glucosides being obtained.
Results and Discussion
Air-dried leaves (5.71 kg) of S. bumalda were extracted with MeOH (15 lϫ3) and then the MeOH extract was concentrated to 3 l. After washing with n-hexane (3 l), the MeOH extract was concentrated to a viscous gum and then suspended in H 2 O. The suspension was extracted with EtOAc (3 l) and n-BuOH (3 l) successively to give EtOAc-(325 g) and n-BuOH-soluble (133 g) fractions, respectively. The nBuOH-soluble fraction was separated by various kinds of column chromatography (CC) on a highly porous synthetic polymer (Diaion HP-20), normal and reversed-phase silica gel, and droplet counter-current chromatography (DCCC), and preparative HPLC to give 13 compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) .
Compound 1, [a] D Ϫ63.7°, was identified with icariside B 2 , previously isolated from Epimedium gradiflorum var. grandiflorum, by spectroscopic analysis.
6) The NMR spectra of compound 2 were essentially the same as those reported for (3S,5R,6R,9S,7E)-megastigman-7-ene-3,5,6,9-tetrol 9-Ob-D-glucopyranoside (2Ј) isolated from Glochidion zeylanicum. 7) Since stereochemistry on the ring must be determined independently, 7) compound 2 was hydrolyzed with an enzyme and the modified Mosher's method 8) was applied to the aglycone. As a result, compound 2 was proved to be the same as 2Ј.
Staphylionoside A (3), [a] D Ϫ110.7°, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 30 O 8 by high-resolution (HR)-FAB-MS. The 13 C-NMR spectrum together with the 1 H-NMR spectrum showed the presence of six signals assignable to b-glucopyranose. The remaining 13 signals comprised those of three singlet methyls, one of which must be on a double bond (d H 1.85, 3H, d, Jϭ1 Hz), one doublet methyl, one methylene, two methines with an oxygen substituent, two quaternary carbons, and a disubstituted trans double bond [d H 5.66 (d, Jϭ16, 7 Hz) and 6.39 (br d, Jϭ16 Hz)], and a tetrasubstituted double bond. One of the quaternary carbons was expected to possess a ketonic oxygen functional group from the highly deshielded chemical shift (d C 201.9) in the 13 C-NMR spectrum. From the above evidence, the structure of 3 was assumed to be a megastigmane glucoside with two hydroxyl and one ketonic functional groups. The disubstituted double bond must be located between C-7 and C-8, and the tetrasubstituted one between C-4 and C-6. Judging from the UV absorption band at 262 nm, the ketone functional group was in a conjugated system, such as at the C-4 position. This was confirmed by heteronuclear multiple bond correlation (HMBC) spectroscopy, in which d H 1.85 (H 3 -13) crossed d C 201.9 (C-4). Finally, based on the observation of HMBC cross peaks between geminal methyls at the 1-position (d H 1.18, 1.31) and a methylene carbon (d C 47.0), the planar structure of the aglycone moiety was assigned as megastigma-5,7-diene-3,9-dihydroxy-4-one. The position of the glucosidic linkage was also determined to be the hydroxyl group at the 9-position from the HMBC spectrum, in which d H 4.60 (H-9) crossed the anomeric carbon signal at d C 101.6 (C-1Ј). To determine the absolute configuration of the two chiral centers, 3 was enzymatically hydrolyzed to give D-glucose ([a] D ϩ39.8°) and the corresponding diol (3a), which was then converted to esters with (R)-and (S)-amethoxy-a-trifluoromethylphenylacetic acids (MTPA) (3b, c, respectively). 8) Figure 2 shows that the absolute configurations at the 3-and 9-positions are the same and to be S. Therefore the structure of staphylionoside A was elucidated to be (3S,9S,5Z,7E)-megastigma-5,7-diene-3,9-dihydroxy-4-one 9-O-b-D-glucopyranoside (3).
Staphylionoside B (4), [a] D Ϫ30.0°, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 34 O 9 by HR-FAB-MS. The 13 C-NMR spectrum together with the 1 H-NMR spectrum showed the presence of six signals assignable to b-glucopyranose. The remaining 13 carbon signals comprised those of three singlet methyls, one doublet methyl, two methylenes, two methines with an oxygen substituent, three quaternary carbons, two of which were assumed to bear hydroxyl groups, and a disubstituted trans double bond [d H 5.60 (dd, Jϭ16, 8 Hz) and 6.23 (d, Jϭ16 Hz)]. Close inspection on two-dimensional NMR enabled to establish the planar structure to be megastigman-7-ene-3,5,6,9-tetrol 9-O-b-glucopyranoside. In the H-NMR spectrum, although the H-3 signal resonating at d H 4.08 appeared as a multiplet, from the coupling patterns of adjacent well-resolved proton signals, the coupling constant values of J 2ax-3 , J 2eq-3 , J 4ax-3 and J 4eq-3 were calculated to be 4 Hz, 5 Hz, 4 Hz and 5 Hz, respectively. Therefore, the hydroxyl group at the 3-position must have the axial orientation. Regarding the megastigmanes reported so far, this is the second example in which the hydroxyl group at the C-3 position must be in the axial orientation in the megastigmane skeleton.
9) The phase sensitive (PH)-NOESY spectrum indicated that the methyl group at the 5-position and the side chain at the 6-position were in the equatorial orientation (Fig. 3a) . The hydroxyl 
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substituent on the 3-position, together with another hydroxyl group at C-5 and an axial methyl group at the 1-position exhibited a 1,3-diaxial relationship, and this may have caused perturbation of the ring system due to steric hindrance and that the carbon signals were broadened. After removal of the sugar by enzymatic hydrolysis, the aglycone was derivatized to the corresponding MTPA esters. The D d values of MTPA esters are shown in Fig. 3b . It is known that since not an "irregular" arrangement, but opposite signs of the D d values in MTPA esters of 3a (axial)-cholesterol were observed to corresponding protons of MTPA esters of 3b (equatorial)-cholesterol, 8) the absolute configurations at the 3-position of cholesterols can be explored. Therefore, the MTPA esters as to the axial hydroxyl group at the 3-position of 4 would show the opposite signs of D d values to those for the equatorial hydroxyl group (Fig. 3b) . Thus, the structure of 4 was established to be (3R,5R,6R,9S,7E)-megastigman-7-ene-3,5,6,9-tetrol 9-O-b-D-glucopyranoside.
Staphylionoside C (5), [a] D Ϫ90.0°, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 32 O 9 by HR-FAB-MS. The 13 C-NMR spectrum together with the 1 H-NMR spectrum showed the presence of six signals assignable to b-glucopyranose. The remaining 13 carbon signals comprised those of three singlet methyls, one doublet methyl, one methylene, three methines with an oxygen substituent, three quaternary carbons, two of which were assumed to bear oxygen atoms, and a disubstituted trans double bond [d H 5.58 (d, Jϭ16, 7 Hz) and 6.04 (dd, Jϭ16, 1 Hz)]. The three degrees of unsaturation of the aglycone and the two carbon signals without hydrogen at d C 69.7 and 71.6 suggested that an epoxy ring is present between these carbons. The two hydroxyl groups on the ring were suggested to be in vicinal positions by the HH-COSY spectrum, and one (d H 3.88) of the two hydroxyl groups was presumed to be located at the 4-position, since HMBC correlation was observed between d H 3.88 and d C 17.8 (C-13). The relative stereochemistry of the substituents on the ring was determined by PH-NOESY and then their absolute configurations were also assigned by means of the modified Mosher's method, as shown in Although the NMR data of the ring system were essentially superimposable on those of icariside B 1 , the allenic carbon signal of C-7 and C-10 methyl signal appeared at higher field than those of 6Ј. 10) Therefore, the structure of 6 was concluded to be an epimer of 6Ј at the 7-position.
Staphylionosides E (7), [a] D Ϫ99.0°, and F (8), [a] D Ϫ118.1°, were each isolated as amorphous powders and their elemental compositions were determined to be the same as C 19 H 32 O 8 on HR-FAB-MS. The UV spectra showed an absorption maximum at 226 nm, and from the 13 C-NMR spectrum, 7 and 8 were found to be derivatives of megastigmane with two double bonds. One of the double bonds with four substituents must be located between C-5 and 6, and the other one in trans between C-7 and 8. Two-dimensional NMR spectroscopy revealed that two vicinal hydroxyl groups 802 Vol. 53, No. 7 were located at the C-3 and 4 positions, and the remaining one at the C-9 position. This functionalization of these compounds was the same as that of plucheoside B (7Ј) isolated from Pluchea indica, 11) in which two hydroxyl groups on the ring system have the cis configuration. The hydroxyl group at the 3-position of 7 carried b-glucopyranose as in the case of 7Ј. Compound 7 was enzymatically hydrolyzed and the absolute structure of the aglycone (7a) was determined by the modified Mosher's method. Finally, the structure of staphylionosides E (7) was elucidated to be (3S,4R,9S,5Z,7E)-megastigma-5,7-diene-3,4,9-triol 3-O-b-Dglucopyranoside. Staphylionoside F (8) was assumed to be a positional isomer as to the sugar linkage. From the 13 C-NMR data, it was clarified that the sugar moiety was attached to the hydroxyl group at the 9-position. The aglycone was proved to have the same absolute configuration as that of 7 from the spectroscopic evidence regarding MTPA esters. Thus, the structure of 8 was elucidated to be (3S,4R,9S,5Z,7E)-megastigma-5,7-diene-3,4,9-triol 9-O-b-D-glucopyranoside. 13 C-NMR data together with the 1 H-NMR spectrum, one disubstituted and one tetrasubstituted double bonds, two methylenes, two methines with an oxygen function, and one quaternary carbon atom were shown to be present in the skeleton. Two singlet methyl, one doublet methyl and a broadened singlet methyl signals were also observed. Thus, 9 was expected to be a similar compound to platanionoside B isolated from Alangium platanifolium var. platanifolium. 12) Since only the 13 C-NMR chemical shifts at the 8, 9 and 10-positions were different between these two compounds, the structure of 9 was concluded to be an epimer of platanionoside B at the 9-position.
On close inspection of the physical data of staphylionoside H (10), it was presumed to be a similar compound to sammangaoside A isolated from Clerodendron inerme. 13) However, the absolute configuration at the 3-position of sammangaoside is not known. Then, compound 10 was enzymatically hydrolyzed and the configuration at the 3-position was determined to be S by the modified Mosher's method. Thus, the structure was elucidated to be (3S,5R,6R,9S,7E)-megastigman-5,6-epoxy-7-ene-3,9-diol 9-O-b-D-glucopyranoside.
Staphylionoside I (11), [a] D Ϫ34.4°, was isolated as an amorphous powder and its elemental composition was determined to be C 20 H 36 O 9 by HR-FAB-MS. The 1 H-and 13 C-NMR spectra indicated the presence of one b-glucopyranose unit and a megastigmane skeleton as an aglycone. However, one more carbon signal, d C 55.6 with d H 3.36 (3H, s), namely a methoxyl group, was observed. This is in accordance with the results of mass spectrometry. On inspection of the HMBC and PH-NOESY spectra, the methoxyl group was found to be at the 6-position in the equatorial orientation and the hydroxyl group at the 5-position was in the axial orientation. The absolute structure of the aglycone was similarly elucidated by the modified Mosher's method. As a result, the configurations of C-3 and 9 were found to be the same as those of staphylionoside H (10), and the hydroxyl group at the C-5 position was also in the same orientation as that of the epoxy ring of 10. Staphylionoside I (11) may be an artifact formed during extraction and isolation, and probably derived from staphylionoside H (10) through opening of the epoxy ring on the attack of the methoxyl anion at the 6-position. Although the isolation of many megastigmanes with an epoxy ring has been reported, this is the first time one with a methoxyl group has been isolated during a phytochemical investigation, even as an artifact.
Staphylionoside J (12), [a] D Ϫ37.6°, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 34 O 9 by HR-FAB-MS. The 1 H-and 13 C-NMR spectra indicated that staphylionoside J was a megastigmane glucoside with a double bond between C-7 and 8, and four hydroxyl groups. From the 1 H-1 H COSY and HMBC spectra, three hydroxyl groups were found to be located in series from the 3 to 5-positions. The coupling constant of H-3 and 4 (4 Hz) indicated that these protons were in an axial and equatorial relationship, and the coupling pattern of H-3 (ddd, Jϭ13, 4, 3 Hz) confirmed that H-3 was in the axial and H-4 in the equatorial orientation. Finally, the Ph-NOESY spectrum showed that both the side chain and the C-13 methyl group were in the equatorial orientation. The absolute configuration at the 9-position was expected to be S from the glucose-induced shift-trend and that of the ring system was determined by the modified Mosher's method. The structure of staphylionoside J was elucidated to be (3R,4R,5R,6R,9S,7E)-megastigman-7-ene-3,4,5,9-tetraol 9-
Staphylionoside K (13) was assumed to be a megastigmame diglucoside from the NMR data, two anomeric proton C-NMR data together with the 1 H-NMR spectrum, one tetrasubstituted double bond, four methylenes, two methines with an oxygen function, and one quaternary carbon atom were shown to be present in the skeleton. Two singlet methyl, one doublet methyl and a broadened singlet methyl signals were also observed. Thus, 13 was expected to be a similar compound to linarionoside C (13Ј) isolated from Linaria japonica. 14) Although the stereochemistry of the ring portion was proved to be the same as that of 13Ј, that of the side chain must be opposite to that of 13Ј from the glucosylation-induced shift-trend. Therefore, the structure of staphylionoside K (13) was elucidated to be (3S,9S)-megastigman-5-ene-3,9-diol 3,9-di-O-b-D-glucopyranoside
Experimental
General Experimental Procedures A highly porous synthetic resin (Diaion HP-20) was purchased from Mitsubishi Kagaku (Tokyo, Japan). Silica gel column chromatography (CC) was performed on silica gel 60 (E. Merck, Darmstadt, Germany), and reversed-phase Optical rotations were measured on a Union Giken PM-101 digital polarimeter. IR spectra were measured on a Horiba FT-710 Fourier transform infrared spectrophotometer and UV spectra on a JASCO V-520 UV/VIS spectrophotometer.
1 H-and 13 C-NMR spectra were taken on a JEOL JNM a-400 spectrometer at 400 and 100 MHz, respectively, with tetramethylsilane (TMS) as an internal standard. Negative-and positive-ion HR-FAB-MS were taken on a JEOL JMS SX-102 spectrometer.
Plant Material Leaves of Staphylea bumalda DC. (Staphyleaceae) were collected in the suburbs of Hiroshima City, Japan, in June 2000, and a voucher specimen was deposited in the Herbarium of the Department of Pharmacognosy, Division of Medicinal Chemistry, Graduate School of Biomedical Sciences, Hiroshima University (00-SB-Hiroshima-0618).
Extraction and Fractionation The air-dried leaves of S. bumalda (5.71 kg) were extracted with MeOH (45 l) three times. The MeOH extract was concentrated to 3.0 l and then 150 ml of H 2 O was added to make a 95% aqueous solution. This solution was washed with 3.0 l of n-hexane (74.4 g) and then the methanolic layer was concentrated to a viscous gum. The gummy residue was suspended in 3. H-6Јa), 3.87 (1H, dd, Jϭ12, 2 Hz, H-6Јb), 4.08 (1H, m, H-3 OD) d: 0.96 (3H, s, H 3 -11), 1.15 (3H, s, H 3 -12 
2755). Enzymatic Hydrolysis of Staphylionoside A (3)
Staphylionoside A (3) (6.1 mg) in 2 ml of H 2 O was hydrolyzed with emulsin (5 mg) for 15 h at 37°C. The reaction mixture was evaporated to dryness, and the methanolic solution was absorbed on silica gel and then subjected to silica gel CC (20 g, Fϭ15 mm, Lϭ20 cm) with CHCl 3 (100 ml) and CHCl 3 -MeOH (19 : 1, 100 ml, 9 : 1, 100 ml, 17 : 3, 100 ml and 7 : 3, 300 ml), 10 ml fractions being collected. The aglycone (3.1 mg, 88%) and D-glucose ( 
Preparation of (R)-and (S)-MPTA Esters (3b, c) from the Aglycone of 3 (3a)
A solution of 3a (1.6 mg) in 1 ml of dehydrated CH 2 Cl 2 was reacted with (R)-MTPA (30 mg) in the presence of 1-ethyl-3-(3-dimethylaminopropyl)cardodiimide hydrochloride (EDC) (29 mg) and 4-N,N-dimethylaminopyridine (4-DMAP) (10 mg), and then the mixture was occasionally stirred at 25°C for 30 min. After the addition of 1 ml of CH 2 Cl 2 , the solution was washed with H 2 O (1 ml), 5% HCl (1 ml), NaHCO 3 -saturated H 2 O, and then brine (1 ml), successively. The organic layer was dried over Na 2 SO 4 and then evaporated under reduced pressure. The residue was purified by preparative TLC [silica gel (0.25 mm thickness), applied for 18 cm and developed with CHCl 3 -(CH 3 ) 2 CO (9 : 1) for 9 cm and eluted with CHCl 3 -MeOH (9 : 1)] to furnish the ester, 3b (2.2 mg, 45 %). Through a similar procedure, 3c (1.3 mg, 27 %) was prepared from 3a (1.6 mg) using (S)-MTPA (28 mg), EDC (29 mg), and 4-DMAP (11 mg).
(3S,9S,5Z,9E)-Megastigma-5,7-diene-3,9-dihydroxy-4-one 3, Enzymatic Hydrolysis of Staphylionoside C (5) Staphylionoside C (7 mg) was hydrolyzed with emulsin (8 mg) for 21 h at 37°C. A similar chromatographic workup to in the case of 3 gave 3.4 mg (70%) of an aglycone (5a) and 2.8 mg (89%) of D-glucose. Aglycone (5a): Colorless syrup. Preparation of (R)-and (S)-MPTA Esters (5b, c) from 5a Using a similar manner to as for the preparation of 3b and 3c from 3a, 5b and 5c were prepared from 5a (1. 02 (3H, s, H 3 -11), 1.21 (3H, s, H 3 -13 
